A new genus and 2 new species of erinaceomorph insectivores from the Eocene of Utah are named and described. Both come from Member B of the Uinta Formation, which consists of terrestrially deposited rocks of Early Uintan age. The best specimen consists of dentaries, a few teeth, and several associated elements of the postcranial skeleton; additional dental and postcranial remains also have been recovered. Dentally, the new genus resembles the smaller erinaceomorphs known from earlier in the Rocky Mountain region of North America rather than the contemporary large ones from southern California, indicating that large body size and omnivory evolved independently in different regions of North America during the Eocene. The new genus is primitive in lacking many specializations of the ankle seen in extant erinaceids and other Eocene insectivores. The morphology of the forelimb suggests some digging behavior in having an expanded entepicondyle and the presence of distinct tubercles for insertion of the extensor carpi radialis on the bases of metacarpals II and III. The hind limb exhibits a mosaic of features typical of terrestrial runners, such as anteroposteriorly deep femoral condyles and a deep patellar groove, along with features seen in arboreal climbers, such as a medially and plantarly inflected calcaneal heel. We conclude that the new genus was terrestrial, perhaps moving rapidly over an uneven substrate such as a littered forest floor, but it could probably dig and climb as well.
Extant erinaceomorphs are restricted taxonomically to the family Erinaceidae and geographically to the Old World (Nowak 1991; Rose 2006) . There are 2 living subfamilies, the Erinaceinae (hedgehogs) and the Galericinae (or Hylomyinae; the gymnures or moonrats). They range in body size from approximately 15 g to 1,400 g. All erinaceines and most galericines are nocturnal and typically use a generalized terrestrial locomotion, but can run, climb, and swim well (Gould 1978; Reeve 1994) . All are plantigrade, walking on the soles of the feet, and all exhibit fusion of the tibia and fibula (Barnett and Napier 1953; Eisenberg and Gould 1970; Gould 1978; Nowak 1991; Reeve 1994; Vaughan et al. 2000) . However, the low diversity among extant forms is not a good model for the much greater taxonomic and adaptive diversity of past erinaceomorph radiations.
During the Tertiary (65 to 1.8 million years ago) there were at least 5 families of erinaceomorphs and numerous genera of uncertain familial affiliation found throughout North America, Europe, and Asia (McKenna and Bell 1997; Rose 2006) . Matthew (1909) suggested that extant members of Insectivora (¼ Lipotyphla) are specialized remnants of more diverse and abundant early Tertiary groups that played a more central role in their ecosystems. It might be expected that early Tertiary insectivorans manifest a wider range of morphologies and adaptations than those surviving today. This idea seems to be well supported for Erinaceomorpha based on paleontological work that has led to the discovery of many extinct groups (Bown and Shankler 1982; Krishtalka 1976; Lillegraven et al. 1981; Novacek 1976 Novacek , 1985 Novacek et al. 1985; Van Valen 1967; Walsh 1998) .
The postcranial skeleton and locomotor adaptations of fossil erinaceomorphs (and fossil insectivores in general) are poorly known with the notable exceptions of Macrocranion and Pholidocercus from Eocene deposits in Messel, Germany (Schaal and Ziegler 1992; Storch 1993 Storch , 1996 Storch and Richter 1994) . The genus Macrocranion is also known from cranial and dental material in North America (Krishtalka 1976 ). In the Messel deposits, the genus Macrocranion consists of 2 species: M. tupaiodon was a cursorial terrestrial quadruped with the ability to saltate bipedally, whereas M. tenerum was smaller, more gracile, and an obligate biped that may have progressed by ricochetal saltation (Smith et al. 2002 ) much like extant macroscelidians or dipodomyines. Bipedal saltation and terrestrial cursoriality are locomotor specializations not seen in extant lipotyphlans (Nowak 1991; Vaughan et al. 2000) . The other Messel genus, Pholidocercus, is postcranially generalized, but is notable for the armorlike scales that covered the crown of the skull and the tail (Schaal and Ziegler 1992) . These fossils indicate that the ecological diversity of insectivores during the Eocene was very different from that seen among extant lipotyphlans.
The Uinta Formation preserves approximately 5 million years of Uintan-aged continental sediments (Prothero 1996) . Although insectivores are known from the Uinta Formation, they are rare and fragmentary in comparison to other similarly sized taxa such as rodents (Rasmussen et al. 1999) . The new insectivores are notable for their large size. The smaller of the 2 new species has molars approximately 1.5 times larger in linear dimensions than those of Scenopagus edenensis, a large erinaceomorph known from older, Bridgerian deposits in the Uinta Basin, and more than twice the size in linear dimensions of Talpavus duplus, the only previously described erinaceomorph from the Uinta Formation (Krishtalka 1976; Rasmussen et al. 1999) . The new taxa are larger than any North American erinaceomorphs from the earlier Wasatchian and Bridgerian land mammal ages, and are matched or exceeded in size only by other Uintan and Duchesnean erinaceomorphs known from southern California (Walsh 1996 (Walsh , 1998 .
The new Utah erinaceomorphs also are notable because both are known from associated postcrania, unlike most Eocene insectivores, which are represented only on the basis of published teeth, jaws, and cranial fragments. The postcranial elements recovered from Utah provide the basis for analyzing the locomotor behavior and adaptations of the new erinaceomorphs. In this paper we describe the new taxa and evaluate the postcrania to provide a functional assessment of the skeleton. The new material expands our limited knowledge of the historical ecological diversity within the Erinaceomorpha.
MATERIALS AND METHODS
The fossils were recovered from the Uinta Formation during field seasons in 1993-1995. The localities that yielded the fossils are all located stratigraphically low within the Uinta B2 member, which is Early Uintan (Ui2) in age. The comparative samples of extant taxa examined for this paper are housed at the Peabody Museum, New Haven, Connecticut, and at the Field Museum, Chicago, Illinois; we examined 4 genera of the Erinaceidae belonging to both subfamilies (Nowak 1991; Vaughan et al. 2000) along with representatives of the Tenrecidae, Soricidae, Talpidae, Dasypodidae, Tubulidentata, Pholidota, Mustelidae, Ailuridae, Procyonidae, Dermoptera, Ochotonidae, Leporidae, Macroscelidea, Dasyuridae, Didelphidae, and Phalangeroidea. Additional comparisons were made via relevant publications. Because the skeletal remains are too fragmentary to provide extensive measurements for statistical analysis, traditional comparative methods were used in the functional analysis (Bock and von Wahlert 1965) .
The postcranial remains of the 1st new species include several vertebral fragments probably belonging to the lumbar and caudal regions, right glenoid fossa, right and left proximal humeri, portions of the humeral shafts and left medial epicondyle, portions of the left proximal ulna, fragments of the right and left distal radii, right bases of metacarpals II and III, portions of the right and left acetabulae, femoral head, greater trochanter, portions of the right and left femoral shafts, distal right femur and partial left lateral femoral condyle, left tibial plateau, right and left distal tibia, right left distal fibula, left astragalus and metatarsal III base, and right calcaneus and cuboid. Postcranial remains of the 2nd new species include right distal femur, right proximal tibia, right partial astragalus and right distal calcaneus, complete left astraglus, and left distal calcaneus. The fossils are catalogued in the collections at Carnegie Museum of Natural History (CM), Pittsburgh, Pennsylvania, and are currently housed at Washington University (WU) in St. Louis, Missouri.
SYSTEMATICS
Order Lipotyphla Haeckel, 1866
Suborder Erinaceomorpha Gregory, 1910 Family ?Amphilemuridae Heller, 1935 Several Eocene erinaceomorphs of North America have at times been put in the family Dormaaliidae (e.g., Walsh 1998; Rasmussen et al. 1999) , named after the European genus Dormaalius. However, the family Dormaaliidae Quinet, 1964, has been synonymized with the family Amphilemuridae Heller, 1935 (Storch and Richter 1994) . Furthermore, the genus Dormaalius was synonymized with Macrocranion (Smith and Smith 1995) . The relationship between Old and New World taxa that are often referred to this family-level grouping remains unclear. The best recent analysis of the relevant North American lineages is the work by Walsh (1998) , who recognized 2 North American clades, Sespedectinae and Scenopaginae, which he placed alongside European forms in an inclusive Dormaaliidae (¼ Amphilemuridae). Recently, some authors raise the North American subfamilies to family level (Sespedectidae and Scenopagidae-e.g., Rose 2006) . Currently, most members of these putative families are poorly known except by dental traits. If one chooses to avoid taxonomic splitting until the constituent groups are better known, then the best available family to accommodate all of them is probably Amphilemuridae (Smith et al. 2002; Rose 2006) .
We assign the new genus to Amphilemuridae with a question mark. Although the new genus shares derived molar features with amphilemurids (as broadly construed) and more specifically with scenopagines to the exclusion of other taxa (see below), it also does retain primitive features of the anterior premolars and ankle not known among North American or European members of Amphilemuridae. The distribution of ankle characters among early erinaceomorphs is poorly understood, and the derived features of the premolars (involving reduction in size and root number) are features that have been acquired in parallel across many mammalian lineages. We therefore assign the new genus tentatively to a broadly inclusive Amphilemuridae, rather than to incertae sedis or a new family.
Zionodon, new genus
Type species.-The type species is the 1st new species described below.
Included species.-The only included species are the 2 new species described below.
Etymology.-From Zion, the Mormon homeland (Utah), and Greek odon, tooth.
Diagnosis.-Differs from other amphilemurids in which the anterior dentition is known in having double-rooted p1 and p2 (Fig. 1) . Further differs from Scenopagus in having a p4 lacking a closed talonid basin (a resemblance to Talpavus); in having more-inflated premolar cusps; in having a large p3, rather than an extremely reduced one; and in having a shorter, broader m2. Differs from Talpavus in having a p4 with a protoconid much larger than the metaconid (a resemblance to Scenopagus), and by the absence of high talonid cusps (hypoconid and entoconid). Differs from Patriolestes in having a large p3 and in its more anteroposteriorly compressed lower molars. Differs from Ankylodon in its simpler p3, lesselongated p4, and shorter and simpler molar talonids. Differs from Macrocranion in having lower molars with narrower, shorter, less-cuspate talonids, and in having proportionally taller trigonids. Differs from Proterixoides and Sespedectes in its shorter talonid basin and the absence of distinct, bunodont talonid cusps. Differs from erinaceids and Centetodon (the latter of which often has double-rooted p1 and p2) in having a large p3, and in having lower molars with short, compressed trigonids, paraconid deviated toward the metaconid, and very short talonids lacking trenchant conids. Differs from leptictids in its relatively shorter, broader talonid (rather than relatively narrow, elongate talonid), and its simpler p4 (in contrast to the more complex p4 of leptictids).
Remarks.-It might be anticipated that a large-bodied erinaceomorph from the Uintan of the Rocky Mountains would resemble the common large amphilemurid from the Uintan of southern California, Proterixoides (Stock 1935; Walsh 1998) Gunnell 1998; Krishtalka 1976) . Among southern California forms, the greatest resemblance of the molars is with Patriolestes (Walsh 1998) , but Zionodon differs from that genus in the morphology of p3 and p4, and in having 2 roots on both p1 and p2. Based on the distinctive morphology of p4 and the lower molars, this genus seems to belong to the scenopagine group but retains a more primitive condition of unreduced anterior premolar roots.
The subfamily and family level classifications of North American Eocene non-erinaceid erinaceomorphs remains a point of debate. As Rose (2006:145) noted, ''the composition of these families . . . and even their names, are very unstable.'' We follow Storch and Richter (1994) in utilizing the family Amphilemuridae to encompass both the European and North American forms. Within this family there may prove to be a clade of Rocky Mountain scenopagines and of Californian sespedectines, following the very cogent phylogenetic discussion of Walsh (1998) . Members of both these groups were formerly placed in Adapisoricidae or Dormaaliidae.
Zionodon is the ''new genus of dormaaliid'' mentioned by Rasmussen et al. (1999:406) . A smaller, more-primitive taxon from the Uinta Formation, T. duplus, was described by Krishtalka (1976) . Black and Dawson (1966) listed Leptictidae as coming from the Wagonhound fauna (mammals from Uinta A and B rock) apparently based on edentulous dentaries; these possibly represent jaws of Zionodon.
Zionodon satanus, new species
Holotype.-CM 71139, right dentary with complete crown of p4, partial crown of p1, and alveoli of p2-3, m1-3, and the partial root of at least 1 anterior procumbent tooth; left dentary with crowns of p3 and m2 and alveoli of p4 and m1; associated postcranial elements described in this paper.
Type locality.-WU-72, Uinta B, Uinta Formation, Utah (Townsend et al. 2006) .
Referred material.-Holotype only.
Measurements. -Tables 1 and 2 . Etymology.-From Latin satanus, satan or devil, referring to the region of badlands called the Devil's Playground, in which WU-72 occurs.
Diagnosis.-Differs from the only other species of the genus in its smaller size (see below).
Zionodon walshi, new species
Holotype.-CM 71141, lower dentary fragment with crowns of p3 and p4.
Type locality.-WU-18, Uinta B, Uinta Formation, Utah (Thornton and Rasmussen 2001; Townsend et al. 2006) .
Referred material.-CM 71138, lower right m2 (or possibly m1) from WU-05; CM 71140, edentulous dentary and associated postcranial elements from WU-86; CM 71142, left astragalus and left distal calcaneus from WU-18; CM 71185, lower left p4 from WU-18; all localities are in Uinta B.
Measurements.- Tables 1 and 2 . Etymology.-Named for the late Stephen L. Walsh, in recognition of his contributions to erinaceomorph taxonomy and paleobiology, and in memory of his contributions to the Utah research as a member of our field crew in 1995, and as an unsurpassed advisor about Uintan mammals.
Diagnosis.-Differs from Z. satanus in its larger size (averaging about 10% greater in linear dimensions; Table 1 ). Further differs from Z. satanus in having a p3 that is relatively longer mesiodistally and lower in relative crown height, and in possessing a small but distinct stylid on the distal margin of p3 (as opposed to none).
RESULTS

Postcranial Description and Comparisons
Vertebrae.-The vertebrae of Z. satanus are fragmentary, consisting only of centra; most appear to belong to the caudal and lumbar regions. None of the centra bear demi-facets for articulation with ribs, implying that they are not thoracic vertebrae. Many of the vertebrae are compressed dorsoventrally as in leptictids (Rose 1999 ), possibly accentuated by postdepositional distortion. Some possess a slight ventral keel and others a median sulcus. Other centrum fragments are more cylindrical and robust. One complete centrum suggests that the proximal caudal vertebrae were somewhat elongated and robust, whereas other fragments indicate long, thin caudal vertebrae. This suggests that the tail was long and robust.
Forelimb.-The forelimb is fragmentary and crushed, but some features are worthy of mention. The right scapula preserves a distinct pit for the insertion of the triceps brachii m. caudal to the rim of the glenoid fossa. On the proximal humerus (preserved on both the right and left side), the pit for the infraspinatus m. on the greater tuberosity and the pectoralis crest on the proximal shaft are distinct. The bicipital groove is broad. Two fragments of shaft are preserved. The deltoid and lateral supracondylar crests were both pronounced, but it is not possible to determine the relative proximodistal extent of either crest. On 1 fragment of the distal end, the medial epicondyle is robust and proximodistally expanded. Preserved portions of the proximal ulna indicate that the olecranon process is robust at the base, but the length cannot be determined.
Only the distal epiphysis of the right radius and a few millimeters of the shaft and distal articular surface of the left radius are preserved (Fig. 1C) . The distal radius is wider mediolaterally than it is anteroposteriorly and exhibits a single concave facet for the scaphoid over most of its surface. The styloid process is small. The flexor surface of the radius is convex and the extensor surface is flat to concave. The most distinctive feature of the distal radius is a large, dorsolaterally projecting tubercle on the extensor surface and corresponding lateral groove. A similar, but more-prominent crest is present in extinct Palaeanodonta and extant dasypodids and serves to separate the tendons of the extensor indicis m. laterally from the abductor pollicis m. medially and as an insertion for pronator and supinator muscles (Rose et al. 1992; Rose and Lucas 2000) . This structure also is prominent on the distal radius of the extinct arctocyonid Chriacus (see O'Leary and Rose 1995; Fig. 10 ).
Distinct tubercles for insertion of the extensor carpi radialis m. are present on the bases of metacarpals II and III (Fig. 1D) . Such tubercles are present in the fossil mammal groups Leptictida and Paleanodonta, and in extant dasypodids (Rose 1999 (Rose , 2007 Rose et al. 1992) . When articulated, the 2 proximal surfaces for articulation with the carpals do not form a continuous articular surface, but are offset from each other.
Hind limb.-We have several small fragments of innominate bones that do not fit together. The acetabulae are incomplete and crushed. The iliopubic eminence of the innominate bone is well defined and mediolaterally compressed and the ischial spine is pronounced. The femoral head of both species is hemispherical with a sharp lip delimiting head from neck. The greater trochanter preserves a deep trochanteric fossa, although its height relative to the femoral head cannot be determined. The 3rd trochanter of Z. satanus is well developed, thin, and bladelike and was probably relatively proximally placed. The distal femur of Z. satanus is crushed, but that of Z. walshi is preserved; it is anteroposteriorly deeper than it is mediolaterally wide (Fig. 2A) . The patellar groove is deep and proximodistally long, resembling that of Eocene leptictids (Rose 1999) .
The proximal tibia of Z. walshi is damaged but better preserved than that of Z. satanus and preserves some features , and distal (bottom) views. af, astragalar facet; afo, superior astragalar foramen; cf, cuboid facet; caf, calcaneal facet; ef, ectal facet; ff, fibular facet; ffg, flexor fibularis groove; lc, lateral condyle; mc, medial condyle; mtf, facet for metatarsals IV and V; nf, navicular facet; pg, patellar groove; plg; groove for the peroneus longus; sf, sustentacular facet; tt, tibial tuberosity. Scale bar ¼ 2 mm. worth noting. The medial condyle is concave and distinctly lower than the lateral condyle, which is convex. The articular surface of the medial condyle extends onto the posterior aspect of the proximal tibia into the region of the popliteal fossa, a resemblance to the proximal tibia of early Eocene leptictids (Rose 1999) . Although the lateral condyle is broken posteriorly, a portion of the proximal fibular facet is preserved and suggests that the articulation was large, flat, and oriented horizontally. The tibial tuberosity is proximally placed and projecting, rather than being situated more distally and low. In the morphology of the tibial tuberosity, Zionodon resembles Eocene leptictids, terrestrial marsupials, and tupaiids; it contrasts with ptilocercids and arboreal marsupials in which the tibial tuberosity is lower and more distally placed (Argot 2002; Sargis 2002) .
The distal tibia of Z. satanus is well preserved. The medial malleolus is robust and slightly hooked, in contrast to Eocene leptictids in which the malleolus is reduced in size and simple in morphology (Rose 1999 (Rose , 2007 and to extant erinaceids in which the malleolus is reduced or absent. There is a large posteriorly directed flange on the posterior aspect of the medial malleolus demarcating the medial margin of a groove for the tendon of the tibialis posterior m. (Heinrich and Rose 1997) . The anterolateral margin of the distal tibia exhibits a short interosseus crest just above a small semilunar fibular facet, indicating that the fibula was only loosely tied to the tibia distally. This is in contrast to extant erinaceids and Macrocranion in which the tibia and fibula are fused distally (Barnett and Napier 1953; Storch 1993) , to extinct leptictids in which there is extensive fusion (Rose 1999 (Rose , 2007 , and to extinct palaeanodonts in which the bones are sometimes fused but are usually separate with extensive ligamentous attachments (Rose and Lucas 2000) . The nature of the tibiofibular articulation of Z. satanus most closely approximates the condition indicated by Barnett and Napier (1953) to be primitive for Eutheria.
The distal tibial facet for articulation with the astragalus tapers laterally with the articular surface for the medial astragalar condyle being anteroposteriorly longer than that for the lateral astragalar condyle (Fig. 3A) . The medial part of the facet is nearly perpendicular to the long axis of the tibial shaft, whereas the lateral part is angled more sharply. A distinct, smooth ridge represents the intercondylar furrow of the astragalus. There is a small facet for the neck of the astragalus on the anterior surface of the distal tibia (squatting facet). A similar facet is found in many primates as well as hedgehogs, tenrecs, lagomorphs, macroscelideans, and Macrocranion vandebroeki.
The distal fibula of Z. satanus is robust (Fig. 3B) . The astragalar facet is sagittally oriented and flat. A short interosseus scar, more tuberclelike than crestlike, is present above the astragalar facet. A horizontally oriented calcaneal facet is present on the plantar surface of the lateral malleolus. There is a prominent ridge on the posterior surface of the lateral malleolus forming the medial border of the peroneal groove.
The astragalar trochlea of both species of Zionodon is grooved, with the medial condyle being flatter and the lateral condyle angling steeply (Figs. 2C and 3D) . The condyles are unequal in size, with the medial condyle having a smaller radius of curvature than the lateral one. A shallow cotylar fossa is present on the medial astragalar body for the tibial malleolus. In both species a superior astragalar foramen is present, but this foramen is much larger in the specimen of Z. satanus than in the specimen of Z. walshi. Both species exhibit a groove on the posterior astragalus plantar to the trochlea for the tendon of the flexor fibularis m.; this groove appears to be better defined in Z. satanus. The posterior calcaneal (¼ ectal) facets of both species are concave and face laterally and the sustentacular facets are slightly convex and do not contact the navicular facet. Just posterior to the sustentacular facet of Z. walshi is a concave depression that receives the posterior lip of the calcaneal sustentaculum, sometimes called a sustentacular hinge. This portion of the astragalus of Z. satanus is broken, so the presence of this depression cannot be evaluated.
The astragalar neck is relatively longer in Z. satanus than in Z. walshi, but is not especially long in either species. The lateral surface of the neck contacts the anterior rim of the distal tibia in dorsiflexion where the neck meets the astragalar body. The astragalar head is mediolaterally broader than dorsoplantarly high and obliquely oriented to a coronal plane through the trochlea, so that it wraps from plantomedial to dorsolateral. The head is farther expanded medially than laterally and the articular surface extends substantially onto the dorsal aspect of the neck. In general, the astragalus of Zionodon resembles that of leptictids and M. vandebroeki in shape (Godinot et al. 1996; Rose 1999 ). However, it differs from leptictid astragali in having a dorsoventrally deeper body, presence of a superior astragalar foramen (absent in leptictids), presence of a squatting facet (also absent in leptictids), less-medial expansion of the navicular facet, greater development of the navicular facet onto the dorsal aspect of the neck, and in having a head that is oriented obliquely to the coronal plane of the trochlea rather than parallel to it (Rose 1999) . The astragalus of Zionodon differs from that of M. vandebroeki in having a more rounded (less sharp) medial condyle, presence of a superior astragalar foramen (absent in M. vandebroeki), and having separate sustentacular and navicular facets (confluent in M. vandebroeki- Godinot et al. 1996) . The astragalus of Zionodon also bears some resemblance to that of the extinct Nyctitheriidae (Hooker 2001) . The shape of the body in these taxa is similar in the asymmetry of the condyles and the presence of a squatting facet, but nyctithere astragali lack a superior astragalar foramen, have contact between the sustentacular and navicular facets, a more medially expanded navicular facet, and a head that is parallel to rather than oblique to the coronal plane of the trochlea.
The calcaneal heel of Z. satanus is short, less than one-half the length of the entire calcaneus, and is distinctly medially inflected and slightly bowed plantarly (Fig. 3C) . Among extant erinaceids, the calcaneal heel is often short, but dorsoventrally deep, whereas in Zionodon the heel is almost round in cross section, being only slightly deeper dorsoventrally than wide mediolaterally. The calcaneal heel of Z. walshi is not preserved. The ectal facet of Z. walshi is medially oriented and well demarcated by a crisp ridge from the dorsally facing fibular facet (Fig. 2D) . The ectal and fibular facets are continuous anteriorly but posteriorly the fibular facet terminates, whereas the ectal facet continues farther posteriorly. Just posterior to the termination of the fibular facet is a pit where the fibula comes into contact with the calcaneus, resembling the condition in the Wasatchian carnivoran Didymictis (Heinrich and Rose 1997) . The sustentacular facet is small and nearly flat, and the plantar aspect of the sustentaculum is grooved for the tendon of the flexor fibularis. The ectal and sustentacular facets overlap considerably in proximodistal extent, rather than the sustentaculum being placed distinctly distal to the ectal facet. Distally, the calcaneus of both species of Zionodon is short, unlike fossil leptictids that have an elongated distal calcaneus (Rose 1999 (Rose , 2007 . The cuboid facet is nearly flat and oriented at an acute angle to the long axis of the calcaneus. The plantar tubercle is poorly developed and does not extend to the distal margin of the calcaneus. Likewise, the peroneal tubercle was almost certainly poorly developed, although the lateral border of the distal calcaneus is damaged in all specimens.
The calcaneus of Zionodon does not closely resemble that of any extant or fossil insectivores. The calcaneal heel of M. vandebroeki is straighter and more robust, and the distal calcaneus is more elongate than that of Zionodon. The calcaneus of M. vandebroeki also lacks a fibular facet. The shape and angle of the cuboid facet, size of the peroneal tubercle, and degree of overlap of the sustentacular and ectal facets in Zionodon , and dorsal view (bottom right). af, astragalar facet; afo, superior astragalar foramen; cf, cuboid facet; ch, calcaneal heel; cof, cotylar fossa; ef, ectal facet; ffg, flexor fibularis groove; ioc, interosseus crest; lc, lateral condyle; mc, medial condyle; mm, medial malleolus; nf, navicular facet; pg, peroneal groove; sf, sustentacular facet; sqf, squatting facet; tpg, tibialis posterior groove. Scale bar ¼ 2 mm. resemble the condition of M. vandebroeki. The relative length of the calcaneal heel in Zionodon is comparable to that of leptictids as is the amount of overlap between the sustentacular and ectal facets, but those are the only similarities. Leptictid traits that differ from Zionodon are a straight, robust calcaneal heel; lack of a fibular facet; more transversely oriented ectal facet; long distal segment; well-developed peroneal tubercle and plantar process; and a more-transverse orientation of the cuboid facet in leptictids (Rose 1999) . The calcaneus of nyctitheres resembles that of Zionodon in retaining a fibular facet, but differs in the proximodistal separation of the sustentacular and ectal facets, and in having a robust peroneal tubercle and a more distally placed plantar process (Hooker 2001) .
The cuboid of both species of Zionodon is short. That of Z. satanus is broken both medially and laterally. The cuboid of Z. walshi is wider proximally than distally (Fig. 2E) . The surface of the calcaneal facet is somewhat cylindrical being convex dorsoventrally and straight mediolaterally. There is a concave facet on the proximomedial surface for the astragalar head and an irregularly shaped facet on the medial surface for the navicular and the ectocuneiform; these facets are at nearly right angles to one another. The peroneal tubercle on the plantar aspect of the cuboid is prominent and the peroneal groove is deep. The cuboid presumably articulated distally with both metatarsals IV and V. There is a single continuous articular facet on the distal cuboid, which could indicate either that metatarsal V was not abducted from metatarsal IV or that it was absent or significantly reduced such that it did not articulate with the cuboid.
Functional Interpretation
Forelimb.-The fragmentary and crushed condition of the forelimb skeleton precludes functional analysis of both joint morphology and limb proportions. All that can be said about the forelimb is that the proximal humerus probably retained a good deal of mobility at the shoulder joint judging by the low greater and lesser tubercles (Rose and Chinnery 2004) . The development of the deltoid and supinator crests suggests a heavily muscled shoulder, and the expanded entepicondyle is suggestive of strong wrist and digital flexors. The large extensor tubercle on the radius also suggests well-developed forearm musculature. Similar structures are found in diggers such as dasypodids and palaeanodonts (Rose and Lucas 2000; Rose et al. 1992 ) and in mammals reconstructed as climbers such as Chriacus (Rose 1987) . The presence of well-developed tubercles on metacarpals II and III for insertion of extensor carpi radialis suggest that Zionodon engaged in at least some digging. Of the other taxa that typically display similar tubercles, palaeanodonts and dasypodids are specialized fossorial mammals, whereas leptictids were saltatorial forms that probably engaged in some digging (Rose 1999 (Rose , 2007 Rose et al. 1992) . The large extensor tubercle on the distal radius is consistent with digging behavior because it also is found in palaeanodonts and dasypodids (Rose and Lucas 2000; Rose et al. 1992) .
Hip and knee.-The morphology of the hip and knee suggests that Zionodon was terrestrial rather than arboreal. The articular surface of the femoral head does not extend onto the neck as is often seen in mammals with an abducted and mobile hip, and suggests that the range of abduction was limited (Heinrich and Rose 1997; Jenkins and Camazine 1977) . This is somewhat contradicted by the presence of a small but well-developed ischial spine, which is associated with welldeveloped gamelli muscles, which abduct and laterally rotate the femur. Heinrich and Rose (1997) stated that this feature is well developed in arboreal carnivores compared to terrestrial ones, but Sylvilagus (cottontail), a terrestrial leaper, also has a well-developed ischial spine, indicating that this trait is not necessarily indicative of arboreality or of mobile hips.
The depth of the femoral condyles and distinctly grooved patellar surface indicate an emphasis on limiting the movement of the knee to flexion and extension as is seen in terrestrial mammals (Rose 1990 (Rose , 1999 Heinrich and Rose 1997; Sargis 2002) and is often indicative of fast terrestrial running (Sargis 2002) . Although a deep knee and well-defined patellar groove are most pronounced in terrestrial mammals (Argot 2002; Sargis 2002) , these features do not necessarily indicate a terrestrial way of life (Argot 2002) . Both of these features are also found in arboreal leaping mammals, such as galagos, which utilize powerful extension at the knee to leap between arboreal substrates (Anemone 1993; Sargis 2002) .
The concave medial and convex lateral tibial condyles are other features indicative of a stable knee, which prevents mediolateral movement between the distal femur and proximal tibia, while allowing rotation around a pivot point, the medial condyle (Argot 2002) . As is the case with the morphology of the distal femur, this feature of the tibial plateau is often associated with terrestriality, but is also seen in leaping arboreal mammals (Argot 2002; Dunn et al. 2006; Sargis 2002) .
Ankle.-The ankle of Zionodon exhibits a combination of traits typical of both cursorial terrestrial mammals and moreflexible climbing mammals. The presence of a cotylar fossa on the astragalus and corresponding process on the tibial malleolus are found in terrestrial cursorial carnivores and not in arboreal ones (Heinrich and Rose 1997) . The well-grooved astragalar trochlea and dorsal migration of the articular surface for the navicular onto the astragalar neck also are indicative of terrestrial locomotion in many mammalian taxa (Carrano 1997; Rose 1990; Van Valkenburgh 1987) . The presence of a sustentacular hinge in Z. walshi would appear to limit the movement of the astragalus on the calcaneus, and would seem to be consistent with a terrestrial way of life, but its presence in both arboreal and terrestrial sciurids as well as in a diverse assortment of Eocene mammals makes its significance unclear (Rose and Chinnery 2004) .
The presence of an astragalar foramen is often associated with limited plantar flexion and plantigrady (Heinrich and Rose 1997; Wang 1993 ), but it is not clear to what extent the structures passing through this foramen actually limit plantar flexion because the astragalar trochlea extends beyond this foramen in many fossil mammals (Heinrich and Rose 1997; Szalay 1977) . The unequal sizes of the medial and lateral astragalar condyles are often seen in arboreal mammals that utilize inverted and everted ankle postures (Dunn et al. 2006; Heinrich and Rose 1997) , whereas the condyles of terrestrial mammals tend to be more symmetrical (Carrano 1997; Heinrich and Rose 1997) .
The presence of a squatting facet on the anterior distal tibia and corresponding facet on the astragalar neck of Zionodon is functionally ambiguous. Virtually all that has been said about the presence of such facets in mammals is that they provide a bony stop for the tibia as it rotates around the astragalar condyles (Decker and Szalay 1974) . However, any bony structure in the vicinity of the astragalar neck will stop the tibia from rotating, and does not necessitate an articular facet to do so. The presence of an articular facet implies that these bones were in contact often and for prolonged periods. It then follows that the presence of such a facet indicates that the animal spent some amount of time resting on dorsiflexed ankles. This is seen in some vertical clinging primates, such as galagos (Gebo 1988) . Other mammals that show such facets include hedgehogs and tenrecs that utilize crouched limb postures, many of which are plantigrade (Eisenberg and Gould 1970; Gould 1978; Reeve 1994) . Leporid distal tibiae have a similar facet, which may be attributed to the fact that rabbits often rest in a crouched plantigrade position and travel with a digitigrade posture (Best 1996) . However, the interpretation of this trait is not that simple because macroscelideans also show such a facet, and they are extremely specialized saltators. Although it may be tempting to attribute the presence of a squatting facet in Zionodon as indicative of habitual dorsiflexion, the significance of this trait is far from clear.
The calcaneal morphology of Zionodon is somewhat perplexing in that its distinctive suite of characters is not seen in any living or extinct insectivores or in any other mammals examined. A short calcaneal heel paired with a short distal and long middle calcaneus is not common among terrestrial mammals and more closely resembles the calcaneal proportions of slow arboreal climbers such as lorises (Gebo 1988) . A plantar curvature to the calcaneal heel is associated with plantigrady in some taxa (Rose 1990; Sarmiento 1983) , but is morphologically different from the dorsoplantar orientation of the entire heel that is seen in Zionodon, which more closely resembles that of the deliberate climbing and suspensory lorises (Gebo 1988 (Gebo , 1993 , and the fossil primates Adapis (Decker and Szalay 1974) and Paleopropithecus (Wunderlich et al. 1996) . In these taxa, the plantar orientation of the calcaneal heel is considered indicative of powerful digital grasping, which is necessitated by slow arboreal locomotion (Gebo 1988; Rose 1990; Sarmiento 1983) . The medial inflection of the calcaneal heel also is reminiscent of primates and other animals in which inverted foot postures are used habitually (Gebo 1988; Wunderlich et al. 1996) . However, the considerable overlap of ectal and sustentacular facets proximodistally and the flat and acutely oriented cuboid facet are usually interpreted as terrestrial traits (Heinrich and Rose 1997; Rose and Chinnery 2004) .
DISCUSSION
The presence of large-bodied erinaceomorphs in the Uintan of the Rocky Mountain region is not surprising, because they are quite common in the Uintan of southern California (Walsh 1998 ). These regions share many mammalian taxa (Walsh 1996) . What was unexpected is that the Rocky Mountains lineage is independently derived, closely resembling Scenopagus in their distinctive lower molars with mesiodistally short, shelflike trigonids and talonids that lack distinct bunodont or trenchant conids (Walsh 1998) . The southern California forms (Sespedectes, Proterixoides, and Crypholestes) represent a separate clade, designated the Sespedectinae, that radiated independently of the Rocky Mountain scenopagines (Novacek 1985; Walsh 1998) . Another southern California amphilemurid, Patriolestes, cannot be placed with certainty in either the Sespedectinae or Scenopaginae (Walsh 1998) .
The sespedectines and Zionodon share several characters of adaptive significance, such as large size and less-trenchant molar crowns, innovations that reflect a move from insectivory to omnivory. The sespedectines and Scenopagus show reduction in the size of anterior premolars and the number of roots on the premolars, whereas Zionodon preserves 2 roots on both p1 and p2. Zionodon also retains the primitive structure of a p4 lacking a closed talonid basin. It is likely that at least 2 and probably more lineages of Eocene erinaceomorphs independently acquired larger size and greater omnivory during the Eocene. The iterative generation of large-bodied omnivores from small insectivores is a common theme in mammalian evolution, and is reflected in dental adaptations for increased grinding efficiency, such as adding hypocones to the molars and reducing the importance of the trigonid cusps (Hunter and Jernvall 1995) .
All extant erinaceids share specialized features of the postcranial skeleton, many of which are present in the majority of extant insectivore groups. These include a distally fused tibiofibula and loss of a fibular facet on the calcaneus, features that also are found in Macrocranion (Schaal and Ziegler 1992; Storch 1993) , a reduction or loss of the medial malleolus of the tibia, and a distinctive astragalar morphology (which consists of a shallow body, a distinctly grooved trochlea with condyles of approximately equal height or with a higher medial than lateral condyle, and a short, straight neck with a small, spherical head-Hooker 2001). These features are evident in isolated fossil astragali from the Bridgerian of Wyoming, indicating that erinaceids had begun to acquire their specialized morphology by approximately 50 million years ago (Matthew 1909) . Zionodon represents the most primitive erinaceomorph postcranium yet known (at least in ankle morphology) because the fibula is robust and shows no evidence of tibiofibular fusion, the medial malleolus is large and unreduced, a large fibular facet is present on the calcaneus, and none of the specialized features characteristic of erinaceid astragali are present. The phylogenetic significance of these primitive traits will not become clear until comparable elements of other scenopagines are found. The retention of double-rooted anterior premolars is a similarly primitive feature of Zionodon. These retained primitive characters may indicate that Zionodon is a remnant of a lineage that diverged from the basal erinaceomorph stock in the Paleocene. On the other hand, the resemblance of the molars to those of Sespedectes may indicate that Zionodon is a sespedectine that retains primitive features not yet demonstrated in other members of the clade.
The postcranial morphology of Zionodon does not fit cleanly with any commonly utilized behavioral category, making interpretation difficult. The fragmentary forelimb suggests at least some digging behavior. A systematic look at the hind limb suggests that the hip and knee were stable, hingelike joints suited for forward propulsion rather than mediolateral mobility. The morphology of the calcaneus, on the other hand, would seem to indicate that the foot was habitually used in inverted postures, which would suggest a more-mobile ankle. The astragalus displays a mixture of features, suggesting restriction of mediolateral translation and use of sagittal movement, combined with evidence of use of inverted and everted postures. We suggest that Zionodon was terrestrial, but habitually used uneven substrates, such as debris-strewn forest floors or rocky talus slopes, rather than even ground. Paleoenvironmental and sedimentological evidence suggests the former is more likely (Townsend 2004) . This would require restriction of movement to a parasagittal plane in the proximal hind limb for forward propulsion, while necessitating mobility at the ankle for maintaining contact with the complex substrate. Although we reconstruct Zionodon as terrestrial, it is important to realize that many of the traits commonly associated with terrestriality, especially those associated with knee morphology, also are found in agile arboreal leapers (Anemone 1993; Argot 2002; Dunn et al. 2006; Gebo 1993; Sargis 2002) . It is likely that, like many other small and morphologically generalized mammals including extant erinaceids (Eisenberg and Gould 1970; Gould 1978; Reeve 1994 ), Zionodon would have been able to utilize arboreal as well as terrestrial substrates.
